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(54) Fuel supply system with solenoid-actuated injector 



(57) The invention relates to a fuel supply system 
comprising a means for detecting operating condition of 
an engine (1), a means for calculating the width of the 
fuel injection pulse including valve-opening signal and 
holding signal based on the detected operating condi- 
tion, a means for supplying valve-opening current to the 
solenoid located in the fuel injector (13) based on the 
fuel injection pulse width, and a means for supplying so- 
lenoid holding current for holding the valve-opening con- 



dition after the valve-opening current has reached the 
predetermined current value; and the fuel supply system 
supplying cun^ent to the solenoid when the logical prod- 
uct of the valve-opening signal and the holding signal 
has been formed, and the fuel supply system diagnosing 
an abnormality of the fuel injector (13) when the time 
period from the start of the fuel injection pulse until the 
valve-opening current reaches the predetermined cur- 
rent value Is shorter than the predetermined one. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a fuel supply 
system. 

[0002] The Japanese Laid-Open Patent Publication 
No. Hei 11-13519 has disclosed a diagnostic device for 
a driving device of a solenoid-type fuel injector (hereaf- 
ter, referred to as injector) used in an engine. The diag- 
nostic device is capable of diagnosing the presence of 
a failure related to valve-opening current in a fuel injec- 
tor drive control device. 

[0003] Although the publication mentions that diag- 
nostic device is capable of detecting the presence of a 
failure in the fuel supply system, it does not state that 
the device is able to protect the fuel supply system itself. 
Therefore, if a failure occurs in the mode in which over- 
current runs through the fuel supply system, there is a 
possibility that the fuel supply system may be damaged. 

SUMMARY OF THE INVENTION 

[0004] An object of the present invention is to provide 
a fuel supply system that can diagnose the fuel supply 
system itself as well as protect the fuel supply system 
itself. Reliability of diagnosis is also improved by provid- 
ing a means to determine each failure mode. 
[0005] To achieve the above objective, the present in- 
vention provides a fuel supply system can comprise 
means for detecting operating condition of an engine, 
means for calculating, based on the detected operating 
condition, the width of the fuel injection pulse comprising 
two signals: valve-opening signal and/or holding signal, 
means for supplying valve-opening current to a solenoid 
located in the fuel injector based on the width of the fuel 
injection pulse, and/or means for supplying the solenoid 
holding current which maintains the valve-opening state 
after the valve opening current has reached a predeter- 
mined current value. The fuel supply system can supply 
current to the solenoid when the logical product of the 
valve opening signal and/or the holding signal has been 
formed. The fuel supply system can diagnose abnomnal 
condition of the fuel injector when the time period from 
the start of the fuel injection pulse until the valve-open- 
ing cun^ent reaches the predetermined cun^ent value is 
shorter than the predetermined time. 
[0006] According to the above mechanism, if the fuel 
supply system malfunctions when over-current runs 
through the system, the fuel supply system can protect 
itself. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] 

Figure 1 is a schematic diagram of a system; 
Figure 2 is a circuit diagram for controlling an Injec- 



tor; 

Figure 3 is a circuit diagram of an upstream switch 
element; 

Figure 4 is a circuit diagram of a downstream switch 
5 element; 

Figure 5 illustrates the waveform of injector drive 

current; 

Figure 6 illustrates the waveform of injector drive 
current when upstream and downstream currents 

10 are short-circuited; 

Figure 7 is a diagnostic flowchart when upstream 
and downstream currents are short-circuited; 
Figure 8 illustrates the waveform of injector drive 
current when the downstream switch is short- 

15 circuited to the battery or to ground; 

Figure 9 is a diagnostic flowchart for the down- 
stream switch; 

Figure 10 illustrates the waveform of injector drive 
current when the upstream switch is short-circuited 
20 to the battery; 

Figure 11 illustrates the waveform of injector drive 
current when the upstream switch is short-circuited 
to ground; 

Figure 1 2 is a diagnostic flowchart for the upstream 

25 switch; 

Figure 13 illustrates the waveform of injector drive 
current when valve-opening current is insufficient; 
Figure 14 is a diagnostic flowchart when valve- 
opening current is insufficient; 

30 Figure 15 illustrates the waveform of injector drive 
current when holding cun-ent is insufficient; 
Figure 16 is a diagnostic flowchart when holding 
current is insufficient; 

Figure 17 Illustrates the waveform of injector drive 
35 current when valve-opening signal has been input- 
ted twice; and 

Figure 18 illustrates the waveform of injector drive 
current when the timing of the opposed cylinder co- 
incides. 

40 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0008] Now, explanation will be given about embodi- 
45 ments. It is possible to increase reliability of diagnosis 
by providing a means which can determine each failure 
mode. 

[0009] Figure 1 shows an engine system according to 
an embodiment. Air entering an engine 1 from the input 

50 section 4 of an air cleaner 3 first passes through a throt- 
tle valve device 7 that has a throttle valve 6 to control 
the amount of air intake and then enters a collector 8. 
The throttle valve 6 is connected to a motor 10, and driv- 
ing the motor 10 operates the throttle valve 6. The 

55 amount of air intake is regulated by the operation of the 
throttle valve 6. In the collector 8, intake air is distributed 
into each air Intake pipe 1 9 and supplied to each cylinder 
2 of the engine 1. 
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[0010] On the other hand, fuel (mainly gasoline) is 
pumped from a fuel \ar\k 11 by a fuel pump 12, pressu- 
rized and regulated to a predetermined pressure by a 
fuel injector (injector) 13 and a variable fuel pressure 
regulator 14, and then Injected into each cylinder 2 
through an injector 13 that has a fuel injection port for 
each cylinder 2. The variable fuel pressure regulator 14 
is controlled by an engine control unit (hereafter, re- 
ferred to as ECU) 1 5. An air flow meter 5 outputs a signal 
indicating the amount of intake air and the signal is in- 
putted into the ECU 15. 

[001 1] The throttle valve device 7 has a throttle sensor 
1 8 for detecting the opening degree of the throttle valve 
6 and the output data is also inputted into the ECU 15. 
[0012] A cranl< angle sensor 16 is rotationally driven 
by a cam shaft 22 and outputs a signal indicating the 
rotation position of the crank shaft. This signal is also 
inputted into the ECU 15, An A/F (air/fuel ratio) sensor 
20 located in an exhaust duct 23 detects an actual op- 
eration air/fuel ratio from exhaust gas components and 
sends the signal to the ECU 15. 
[0013] An accelerator sensor 9 which is incorporated 
into the throttle valve device 7 is interlocked with an ac- 
celerator pedal 112 and detects the amount of acceler- 
ator pedal 112 operation performed by the driver and 
sends the signal to the ECU 1 5. The ECU 1 5 comprising 
a processing means (CPU) 24 receives various signals, 
such as the above-mentioned crank angle signal, accel- 
erator opening degree signal and so on, sent by sensors 
that detect the engine's operating conditions. The ECU 
15 then performs predetermined arithmetical operations 
and outputs predetermined control signals to the motor 
10 to operate the above-mentioned injector 13, ignition 
coil 17 and the throttle valve, thereby controlling fuel 
supply, ignition timing, and intake air. An ignition switch 
26 is disposed between the power supply (battery) 25 
and the ECU 15. A fuel pressure sensor 21 is adjacent 
to a variable fuel pressure regulator 14 located in the 
fuel system and outputs the signal to the ECU 15. 
[0014] Next, configuration of the control circuit of the 
injector 13 located in the ECU 15, shown in Figure 2, 
will be described. 

[001 5] The control circuit 31 of the injector 1 3 consists 
of a circuit group as shown below. Now, the circuit group 
will be enumerated. First, there is a booster circuit 32 
that generates, from battery voltage 26a, a voltage that 
is larger than the battery voltage. For the injector 13 to 
inject fuel into the cylinder 2, the pushing force of the 
spring that clamps a plunger located inside the injector 
13 as well as internal fuel pressure is significantly high. 
Accordingly, large magneto-motive force is required for 
opening the valve of the injector 13, and electric current 
supplied from an ordinary battery voltage is not large 
enough to open the valve of the injector 13. Therefore, 
the above-mentioned booster circuit 32 is required. 
[0016] Next, there is a switch element 33 for control- 
ling the supply and shutdown of current provided from 
a boosted voltage generated by the above booster cir- 
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cuit 32 to the injector 13. There is also a switch element 
34 for controlling the supply and shutdown of current 
provided from the battery voltage 26a to the injector 13. 
In the signal tine 35a where electric current supplied 

5 from the switch elements 33 and 34 Is wired OR, the 
voltage relationship is: boosted voltage 32a > battery 
voltage 26a. This means there is a possibility that the 
boosted voltage 32a may flow into the battery 26a via 
the switch elements 33 and 34. Accordingly, a back-cur- 

10 rent prevention element 35 is disposed between the sig- 
nal line 35a and the switch element 34. 
[0017] Switch elements 36 and 37 for sinking electric 
current flowing through the injector 13 toward the 
ground are disposed for each injector. There is also a 

15 reflux element 38. Electric cun-ent flowing from the in- 
jector 13 through the switch element 36 (or 37) to the 
ground is returned to the injector 13 via the reflux ele- 
ment 38. 

[0018] In Figure 2, the above-mentioned switch ele- 
20 ment 33, switch element 34, back-current prevention el- 
ement 35 and reflux element 38 are disposed in each 
opposed cylinder of the injector 13 (as an application, 
the switch element 33, switch element 34, back-current 
prevention element 35 and reflux element 38 may be 
25 disposed in each injector 13.) 

[0019] There are a control section 39 for controlling 
the above-mentioned switch elements 33, 34, 36 and 
37, and a reference current generating section 40 for 
setting reference current that flows through the injector 
30 13. 

[0020] An interface between the CPU 24 and the in- 
jector control circuit 31 consists of parallel inputs 24a 
and 24b and serial communication 24c. Concerning the 
parallel input, based on the width of the fuel injection 

35 pulse calculated by the CPU 24, a valve-opening signal 
24a and a holding signal 24b are outputted from the 
CPU 24 and inputted into the control section 39. Serial 
communication 24c is conducted with the serial periph- 
eral interface (SPI) section 42 located in the injector con- 

40 trol circuit 31 , and diagnosis results provided by the di- 
agnostic section 41 are fed back to the CPU 24. 
[0021] Figure 3 illustrates configuration of the intemal 
circuit of the switch elements 33 and 34. The switch el- 
ement 33 consists of a current voltage conversion ele- 

45 ment 51 , P-channel MOSFET 52, and a cun-ent detector 
53 for detecting current from the potential difference be- 
tween both ends of the current voltage conversion ele- 
ment 51. 

[0022] The P-channel MOSFET 52 is tumed ON and 
50 OFF by a control signal 33z sent by the control section 
39. Electric current flowing through the P-channel MOS- 
FET 52 when it is ON is detected by the current voltage 
conversion element 51 and the current detector 53, and 
then the current value 33w is outputted to the diagnostic 
55 section 41. 

[0023] The configuration of the intemal circuit of the 
switch element 34 is basically the same as that of the 
switch element 33. That is, it consists of a current volt- 
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age conversion elenfient 54, N-channel MOSFET 55, 
and a current detector 56 for detecting current from the 
potential difference between both ends of the current 
voltage conversion element 54. Herein, the MOSFET is 
specified as P-channel 52 and N-channel 55, however, 5 
either N-channel or P-channel is applicable in each con- 
figuration. 

10024] The N-channel MOSFET 55 Is turned ON and 
OFF by a control signal 34z sent by the control section 
39. Electric current flowing through the N-channel MOS- 
FET 55 when It Is ON is detected by the current voltage 
conversion element 54 and the current detector 56, and 
then the current value 34w is outputted to the diagnostic 
section 41. 

[0025] Figure 4 illustrates the configuration of the in- 
ternal circuit of the switch element 36. Because the 
switch element 37 has the same configuration, only 
switch element 36 is described. 
[0026] The N-channel MOSFET 61 is turned ON and 
OFF by a control signal 36z sent by the control section 
39. The cun-ent detector 63 detects a potential differ- 
ence between both ends of the current voltage conver- 
sion element 62 which detects electric current flowing 
through the MOSFET 61 when it is ON, and then outputs 
the current value 36y to the control section 39 and the 
diagnostic section 41 . The control section 39 detects the 
current value 1 3a flowing through the injector 1 3 accord- 
ing to the signal of the cun-ent value 36y thereby con- 
trolling the cunrent. 

[0027] A bias voltage device 64 for generating fixed 
bias voltage generates bias voltage based on the volt- 
age (VCC) generated In the control unit 31 (not shown). 
It generates a predetermined bias voltage by means of 
the resistive potential division from the VCC. 
[0028] A constant curent source 65, which applies a 
predetermined voltage generated by the bias voltage 
device 64 to the signal line 36a, biases a small amount 
of current which will not affect the control of the injector 
13. When high impedance Is experienced in the signal 
line 36a. the signal line 36a maintains Its predetemnined 
voltage due to the constant current source 65. A buffer 
66 Is disposed to divide impedance between the signal 
line 36a and the voltage signal 36w, That Is, the Imped- 
ance on the signal line 36a side is significantly high. Al- 
so, the voltage signal 36w Is outputted to the diagnostic 
section 41. 

[0029] Figure 5 shows the injector 13 driving wave- 
form created by fuel injection signals sent from the CPU, 
that is, valve-opening signal 24a and holding signal 24b. 
[0030] Timing t1 is the timing for which the injector 1 3 
starts to inject fuel. When the logical product of the 
valve-opening signal 24a and the holding signal 24b 
sent from the CPU 24 has been formed, the switch ele- 
ments 33 and 36 are turned ON, and injector drive cur- 
rent 13a flows from the switch element 33 through the 
injector 1 3 and then through the switch element 36 and 
finally to the ground. Then, valve-opening current 13a 
is supplied from the boosted voltage 32a to the Injector 



13 until the current value reaches the predetermined 
current value 71 , thereby opening the valve of the Injec- 
tor 13. 

[0031] At this point, injector drive current 13a is de- 
tected by the current voltage conversion element 62 lo- 
cated in the switch element 36, and the detected value 
36y Is compared with the reference signal generated by 
the reference current generating section 40, causing the 
predetermined value of the current to flow. 
[0032] At timing t2 at which the cunrent has reached 
the predetermined value 71 , the switch elements 33 and 
36 are turned OFF and the supply of Injector drive cur- 
rent 13a Is shut down. 

[0033] At timing t3, it is detected that the Injector drive 
current 1 3a has decreased to the predetermined current 
value 72, the switch elements 34 and 36 are turned ON 
by control signals 34z and 36z sent by the control sec- 
tion 39, and injector drive current 13a is applied from 
battery voltage 26a through the switch element 34, and 
then through the backflow prevention element 35, injec- 
tor 1 3, switch element 36 and finally to the ground; there- 
by turning ON the switch element 34 until the current 
reaches the predetermined current value 73. 
[0034] At this point, injector drive current 13a is de- 
tected by the current voltage conversion element 62 lo- 
cated in the switch element 36, and the detected value 
36y is compared with the reference signal generated by 
the reference current generating section 40, causing the 
predetermined value of the current to flow. During the 
time period from t3 to t4 until the holding signal 24b is 
turned OFF, the above-mentioned switch element 34 re- 
peatedly turns ON and OFF thereby controlling the In- 
jector drive current 13 so that it remains constant be- 
tween the predetemnined values 72 and 73. The pur- 
pose of this constant cun-ent control is to keep the valve 
of the Injector 13 open. When the switch element 34 Is 
turned OFF, injector drive current 13a flows from the 
ground, through the reflux element 38, and then through 
the injector 13. switch element 36 and finally to the 
ground. 

[0035] At timing t4, the holding signal 24b is turned 
OFF, thereby shutting down the Injector drive current 
13a and stopping fuel injection. In addition, at timing t4, 
both switch elements 34 and 36 are turned OFF. which 
means that both switch elements controlling upstream 
and downstream cun^ents of the Injector 13 are turned 
OFF. thereby quickly reducing the injector drive current 
13a and causing the injected fuel of Injector 13 to stop 
as the result of being linked with the holding signal 24b. 
[0036] Figures 6 through 16 show the diagnostic 
method performed by the fuel supply system. 
[0037] Figure 6 shows cunrent 36c that flows through 
the switch element 36 when upstream and downstream 
currents of the injector 1 3 have been short-circuited, that 
Is, the signal line 35a and the signal line 36 have been 
short-circuited. 

[0038] At timing til, the logical product of the valve- 
opening signal 24a and the holding signal 24b sent by 
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the CPU 24 is formed, and the control section 39 outputs 
control signals 33z and 36z to turn ON the switch ele- 
ments 33 and 36. However, if the signal line 35a has 
been short-circuited to the signal line 36a, the gradient 
at the rise of the current 36c is steep because of the lack 
of inductance component In the Injector 1 3. At this point, 
if valve-opening current 36c reaches a predetermined 
value 71 within the predetermined time t1 3 after the log- 
ical product of the valve-opening signal 24a and the 
holding signal 24b has been formed, the diagnostic sec- 
tion 41 diagnoses that the injector's upstream and 
downstream currents have been short-circuited and out- 
puts an NG code, "Short to High Side Driver." 
[0039] The current flowing through the switch element 
36 is detected by the cun^ent voltage conversion ele- 
ment 62 located in the switch element 36. and the cur- 
rent detection signal 36y is Inputted into the diagnostic 
section 41. The current can be detected by comparing 
It with the predetermined valve-opening current value 
71. 

[0040] At the time of the diagnosis, in order to protect 
switch elements 33 and 36 from being damaged by 
over-cun^ent, the control section 39 receives a diagnosis 
result from the diagnostic section via the signal line 41a 
and turns OFF control signals 33z and 36z, thereby turn- 
ing OFF the switch elements 33 and 36. 
[0041] The recovery timing at which the switch ele- 
ments that have been turned OFF due to the protection 
operation will recover Is the timing for starting the next 
fuel injection, that is, timing t12. If the short-circuit con- 
dition still remains at timing t12, operation similar to the 
above-mentioned operation will take place. 
[0042] Figure 7 is a diagnostic flowchart in the case 
of a short-circuit between the signal line 35a and the 
signal line 36a shown in Figure 6. 
[0043] When the logical product of the valve-opening 
signal 24a and the holding signal 24b has been formed, 
this diagnosis starts as follows (SI). 
[0044] When diagnosis starts according to SI, the 
timer starts In S2 to measure the predetermined time 
from the formation of the logical product of the valve- 
opening signal 24a and the holding signal 24b. 
[0045] If valve-opening cun-ent reaches the predeter- 
mined value 71 in 84 before the timer counts the prede- 
termined elapsed time in S3, that is, a short-circuit be- 
tween the signal line 35a and the signal line 36a causes 
the absence of the inductance component in the Injector 
13 thereby the delay in current rise is shorter than the 
predetemilned time, the diagnosis "Short to High Side 
Driver" is determined in S5. 

[0046] On the contrary, if current has not reached the 
predetermined valve-opening current value 71, the 
process jumps to the determination condition S3 and 
transits the determination conditions in a loop from S3 
to S4 and retums to S3 until the timer measures the pre- 
determined time in S3. 

[0047] If the timer measured the elapsed predeter- 
mined time In S3, this diagnosis Is considered to be nor- 



mal and the diagnostic process will end. 
[0048] Figure 8 shows the change of current 36c flow- 
ing through the switch element 36 and the change of the 
voltage In the signal line 36a when the signal line 36a 
5 of the switch element 36 located downstream of the In- 
jector is short-circuited to the battery or to ground. 
[0049] In Figure 8, the signal line 36a is short-circuited 
to the battery during the time period from timing t21 to 
t25 and after t29. It is short-circuited to ground during 
the time period from timing t26 to t27. 
[0050] When the Injector drive signal Is OFF, which 
means that the valve-opening signal 24a and the hold- 
ing signal 24b are OFF, voltage of the signal line 36a Is 
biased to a predetemnlned voltage by the constant cur- 
rent source 65 usually located in the switch element 36. 
[0051] However, when the signal line 36a Is short- 
circuited to the battery at timing t21 . voltage of the signal 
line 36a rises in close proximity to the battery voltage. 
The diagnostic section 41 monitors this condition by 
sensing the voltage signal 36w via the buffer 66. If the 
voltage value becomes larger than the predetennined 
voltage 75 when the injector drive signal is OFF, the di- 
agnostic section 41 diagnoses the condition as "Short 
to VB." 

[0052] Timing t22 is the timing for supplying valve- 
opening current when the logical product of the valve- 
opening signal 24a and the holding signal 24b is formed. 
At this point, control signals 33z and 36z sent from the 
control section 39 are turned ON. and those signals turn 
ON the switch elements 33 and 36. 
[0053] However, because the signal line 36a has 
been short-circuited to the battery, at timing t23, cun-ent 
36c flowing through the switch element 36 exceeds the 
over-current determination threshold 74 specified in the 
diagnostic section 41. Cun-ent flowing through the 
switch element 36 Is detected by the current voltage 
conversion element 62 located in the switch element 36, 
and the current detection signal 36y Is inputted into the 
diagnostic section 41. The current can be detected by 
comparing it with the over-current determination thresh- 
old 74. 

[0054] If the condition In which the current still ex- 
ceeds the over-current determination threshold 74 (tim- 
ing t23) for t31 , in order to protect the switch element 36 
from being damaged by over-current, the control section 
39 tums OFF the control signal 36z and simultaneously 
turns OFF the control signal 33z so as to turn OFF the 
upstream switch element 33, 
[0055] Timing t24 Is essentially the timing for stopping 
the fuel injection. However, since control signals 33z 
and 36z have been turned OFF due to the over-current 
diagnosis, the drive signal dose not change. 
[0056] Timing t25 is the recovery timing from the bat- 
tery short-circuit condition. At this point, voltage of the 
signal line 36a Is biased by the constant cun-ent source 
65 to a predetermined voltage which is less than the bat- 
tery short-circuit determination voltage value 75. 
[0057] If the signal line 36a is short-circuited to ground 
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at timing t26, voltage of the signal line 36a drops in close 
proximity to the ground voltage. The diagnostic section 
41 monitors this condition by sensing the voltage signal 
36w via the buffer. If the voltage becomes less than the 
predetermined voltage 76 when the injector drive signal 5 
is OFF, the diagnostic section 41 diagnoses the condi- 
tion as "Short to GND." 

[0058] In this drawing, the ground short-circuit state 
of the signal line 36a is to recover nomrially at timing t27. 
Timing t27 is the recovery timing from the ground short- 
circuit state. At this point, voltage of the signal line 36a 
Is biased by the constant current source 65 to the pre- 
determined voltage which is larger than the ground 
short-circuit determination voltage value 76. 
[0059] Timing t28 is the timing for starting the next fuel 
injection. At this timing, the over-cun-ent protection con- 
dition is released. Also at this timing, since the signal 
line 36a has been recovered and is In a normal condi- 
tion, cun-ent 36c flowing through the switch element 36 
Is normal, and turning ON the switch element 36 will 
cause the voltage of the signal line 36a to become a 
ground level. 

[0060] However, at the timing for supplying the hold- 
ing current, that is, when the valve-opening signal 24a 
is OFF and the holding signal 24b is ON, if the battery 
short-circuit condition is present at timing t29, cun-ent 
36c flowing through the switch element 36 exceeds the 
over-current determination threshold 74. The cun-ent 
flowing through the switch element 36 Is detected by the 
current voltage conversion element 62 located in the 
switch element 36, and the current detection signal 36y 
is inputted to the diagnostic section 41. The current is 
compared with the over-current determination threshold 
74. 

[0061] If the current continuously exceeds the over- 
current determination threshold 74 (timing t30) for t31 , 
in order to protect the switch element 36 from being 
damaged by over-current, the control section 39 turns 
OFF the control signal 36z and simultaneously tums 
OFF the control signal 33z so as to tum OFF the up- 
stream switch element 33. 

[0062] The release timing from the over-current dam- 
age protection condition is the timing for starting the next 
fuel injection which is the same as timing t28. 
[0063] Figure 9 is a diagnostic flowchart when the sig- 
nal line 36a, shown in Figure 8, is short-circuited to the 
battery or to ground. 

[0064] When both the valve-opening signal 24a and 
the holding signal 24b are OFF, this diagnosis starts as 
follows (S11). 

[0065] In the normal condition, voltage of the signal 
line 36a is biased by the constant current source 65 lo- 
cated in the switch element 36. The predetermined volt- 
age is larger than the ground short-circuit determination 
voltage value 76 and less than the battery short-circuit 
determination voltage value 75. 
[0066] When voltage of the signal line 36a is within 
the range under determination condition SI 2. that is. It 



is between the ground short-circuit determination volt- 
age value 76 and the battery short-circuit determination 
voltage value 75, the condition is nomial. 
[0067] On the contrary, if the voltage of the signal line 
36a is not within the voltage range in SI 2, the process 
jumps to S13. 

[0068] If voltage of the signal line 36a is larger than 
the battery short-circuit determination voltage value 75 
in 813, the signal line is short-circuited to the battery, 
and therefore, the "Short to VB" diagnosis is made in 
S14. 

[0069] If the voltage value is not within the range of 
the SI 3 conditions, it is indicated that the voltage of the 
signal line 36a Is less than the ground short-circuit de- 
termination voltage value 76, which is considered to be 
the ground short-circuit condition; therefore, the "Short 
to GND" diagnosis is made In SI 5. 
[0070] This diagnosis is made when both the valve- 
opening signal 24a and the holding signal 24b are OFF. 
[0071] Figure 1 0 shows the wavefomi of cun^ents 33c 
and 34c that flow through switch elements 33 and 34 
when the signal line 35a located upstream of the Injector 
13 is short-circuited to the battery. In this drawing, a 
short-circuit to the battery is present from t41 to t46. 
[0072] At fuel injection start timing t42 after the signal 
line 35a has been short-circuited to the battery, so as to 
turn ON the switch elements 33 and 36, the control sec- 
tion 39 outputs control signals 33z and 36z. 
[0073] Those ON signals turn ON switch elements 33 
and 36 thereby beginning the flow of current 33c. How- 
ever, at this point, because the signal line 35a has been 
short-circuited to the battery, the value of the current 33c 
becomes large due to the lack of resistance compo- 
nents. 

[0074] Current 33c is detected by the current voltage 
conversion element 51 located in the switch element 33. 
and the detected cun-ent value 33w Is Inputted into the 
diagnostic section 41 . If the value of the current remains 
larger than the over-current detection threshold 77 (t43) 
for t51 , so as to protect the switch element 33 from being 
damaged by over-current, the diagnostic section 41 
turns OFF the control signal 33z sent by the control sec- 
tion 39. At the same time. It also tums OFF the control 
signal 36z to simultaneously turn OFF the downstream 
switch element 36 which works in conjunction with the 
switch element 33. 

[0075] Timing t44 is the timing for supplying the hold- 
ing current when the valve-opening signal 24a is OFF 
and the holding signal 24b is ON. However, it is an over- 
current damage protection condition; therefore, currents 
33c and 34c do not change. 

[0076] Timing t45 Is the timing for stopping the fuel 
injection. However, it is an over-current damage protec- 
tion condition; therefore, currents 33c and 34c do not 
change. 

[0077] Timing t47 is the timing for starting the next fuel 
injection. At t46, before timing t47, the signal line 35a 
has been recovered from the battery short-circuit state 
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and is in the normal condition; therefore, nornnal current 
flows after t47. That is, at timing t47, when the logical 
product of the valve-opening signal 24a and the holding 
signal 24b is formed, switch elements 33 and 36 are 
turned ON, thereby supplying valve-opening cun^ent 33c 
to the injector 13. 

[0078] At timing 148, if current flowing through the 
switch element 36 has reached the predetemfiined value 
71, the switch elements 33 and 36 are turned OFF. 
[0079] When the switch element 36 detects (t49) that 
the current Is less than the current threshold 72, it tums 
ON the switch element 34 and supplies holding cun-ent 
to the injector 13 until the current reaches the current 
threshold 73. The switch element 34 repeatedly tums 
ON and OFF to supply holding current to the injector 13 
until the holding signal 24b is turned OFF. 
[0080] Figure 1 1 shows the waveform of cunrents 33c 
and 34c that flow through switch elements 33 and 34 
when the signal line 35a located upstream of the injector 
13 is short-circuited to ground. In this drawing, a short- 
circuit to ground is present from t61 to t66 and after t68. 
[0081] At fuel injection start timing t62 after the signal 
line 35a has been short-circuited to ground, so as to turn 
ON the switch elements 33 and 36, the control section 
39 outputs control signals 33z and 36z. Those ON sig- 
nals turn ON switch elements 33 and 36 thereby begin- 
ning the flow of current 33c. However, at this point, be- 
cause the signal line 35a has been short-circuited to 
ground, the value of the current 33c becomes large due 
to the lack of resistance components. Current 33c is de- 
tected by the current voltage conversion element 51 lo- 
cated In the switch element 33, and the detected current 
value 33w is inputted Into the diagnostic section 41. If 
the value of the current remains larger than the over- 
current detection threshold 77 (t63) for t51 , so as to pro- 
tect the switch element 33 from being damaged by over- 
current, the diagnostic section 41 turns OFF the control 
signal 33z sent by the control section 39. At the same 
time, it also tums OFF the control signal 36z to simulta- 
neously turn OFF the downstream switch element 36 
which works in conjunction with the switch element 33. 
[0082] Timing t64 Is the timing for supplying the hold- 
ing current when the valve-opening signal 24a is OFF 
and the holding signal 24b is ON. However, it is an over- 
current damage protection condition; therefore, currents 
33c and 34c do not change. 

[0083] Timing t65 is the timing for stopping the fuel 
injection. However, it is an over-current damage protec- 
tion condition; therefore, currents 33c and 34c do not 
change. 

[0084] Timing t67 is the timing for starting the next fuel 
injection. At t66, before timing t67, the signal line 35a 
has been recovered from the ground short-circuit state 
and is in the normal condition; therefore, normal cun-ent 
flows after t67. 

[0085] However, at the timing for supplying the hold- 
ing current, that is, when the valve-opening signal 24a 
is OFF and the holding signal 24b is ON. If the signal 



line 35a is short-circuited to ground, the value of the cur- 
rent 34c flowing through the switch element 34 becomes 
large due to the lack of resistance components. Cun-ent 
34c is detected by the current voltage conversion ele- 
5 ment 54 located in the switch element 34, and the de- 
tected current value 34w is inputted into the diagnostic 
section 41 . If the value of the current remains larger than 
the over-cun-ent detection threshold 78 (t69) for t70, so 
as to protect the switch element 34 from being damaged 
10 by over-cun-ent, the diagnostic section 41 turns OFF the 
control signal 34z sent by the control section 39. At the 
same time, it also turns OFF the control signal 36z to 
simultaneously turn OFF the downstream switch ele- 
ment 36 which works in conjunction with the switch el- 
15 ement 34. 

[0086] The recovery timing from the over-cun-ent 
damage protection state is the next fuel start timing. 
[0087] Figure 12 is an over-current diagnosis flow- 
chart for the switch elements 33 and 34 shown in Fig- 
ures 10 and 11. 

[0088] Conditions S21 through S23 are for over-cur- 
rent diagnosis for the switch element 33, and conditions 
S24 through S26 are for over-current diagnosis for the 
switch element 34. 

[0089] S21 determines whether or not current 33c 
flowing through the switch element 33 is larger than the 
over-current determination threshold 77. When the de- 
termination result is "NOT," the condition is normal; and 
therefore the process returns to S21 . On the contrary, If 
the current 33c Is larger than the over-current determi- 
nation threshold 77, that Indicates the over-current con- 
dition; therefore, the process transits to S22 which de- 
termines whether or not the over-current condition has 
continued for the predetermined time. If the result is 
"NOT", the process returns to S21 , and if the over-cur- 
rent condition has been continuous, the process transits 
in a loop from S21 to S22 and returns to S21 . If the over- 
current condition continues for the predetermined time 
period, the process transits to S23 according to deter- 
mination condition S22, and "Over-current determina- 
tion" of the switch element 33 is performed. The prede- 
termined time is measured in S22 by using a filter de- 
signed for increasing noise tolerance dose. 
[0090] S24 determines whether or not current 33c 
flowing through the switch element 33 is larger than the 
over-cun-ent determination threshold 77. When the de- 
termination result is "NOT," the condition is normal; and 
therefore the process returns to S24. On the contrary, if 
the current 33c is larger than the over-current determi- 
nation threshold 78, that indicates the over-current con- 
dition; therefore, the process transits to S25 which de- 
termines whether or not the over-cun-ent condition has 
continued for the predetermined time. 
[0091] If the result is "NOT", the process returns to 
S24, and if the over-current condition has been contin- 
uous, the process transits in a loop from S24 to S25 and 
returns to S24. If the over-current condition continues 
for the predetermined time period, the process transits 
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to S26 according to determination condition S25. and 
"Over-current determination" of the switch element 34 
is performed. The predetermined time is measured in 
S25 by using a filter designed for increasing noise tol- 
erance dose. Thus, over-current determination for 
switch elements 33 and 34 are conducted. 
[0092] Figure 13 shows the wavefonn when an 
amount of supplied valve-opening current Is Insufficient. 
When the logical product of the valve-opening signal 
24a and the holding signal 24b Is formed at timing t71 , 
valve-opening current 13a Is supplied to the Injector 13. 
Normally, the value of the valve-opening current reach- 
es a predetermined current value 71 before the valve- 
opening signal 24a Is turned OFF. However, If boosted 
voltage 32a has not been boosted to the value required 
by the Injector 13, sufficient valve-opening current can- 
not be supplied. 

[0093] Accordingly, the predetermined amount of 
valve-opening current cannot be supplied to the injector 
13 within the predetermined time period thereby pre- 
venting the injector 13 from beginning to inject fuel. 
Therefore, if valve-opening current has not reached the 
predetermined current value 71 by timing t72 at which 
the valve-opening signal 24 Is turned OFF after having 
been In the ON state, the "No Peak" diagnosis, which 
indicates Insufficient valve-opening current, Is made. 
[0094] After Insufficient valve-opening current has 
been detected at t72, holding current Is supplied until 
timing t73 at which fuel injection is stopped. 
[0095] After t74, the drawing shows the waveform In 
the normal condition as mentioned In Figure 5. 
[0096] To avoid misdiagnosis, this diagnosis is not 
conducted when an operation condition becomes ab- 
normal while the valve-opening signal 24a Is ON and 
switch elements 33 and 36 are OFF. That is, this diag- 
nosis is not conducted when waveforms are abnormal 
as shown In Figures 6, 8, 10 and 11. 
[0097] Figure 14 is a diagnosis logic flowchart to di- 
agnose the condition as "No Peak" which indicates in- 
sufficient valve-opening current as shown in Figure 13, 
[0098] This diagnosis is conducted at the fall of the 
valve-opening signal 24a. This diagnosis does not start 
until the fall of the valve-opening signal 24a Is detected 
in S31. When the fall of the signal is detected in S31, 
the process transits to S32 which determines whether 
or not the valve-opening current has reached the pre- 
determined current value. If the current has reached the 
predetermined current value 71, normal operation is 
possible, and therefore, this diagnosis Is temilnated. 
[0099] However, if current has not reached the prede- 
termined value, valve-opening current is not sufficient. 
Therefore, the process transits to S33 where the "No 
Peak" diagnosis Is made indicating that valve-opening 
current Is not sufficient. 

[0100] Figure 15 shows the waveform when an 
amount of supplied holding current Is Insufficient. When 
the logical product of the valve-opening signal 24a and 
the holding signal 24b is fonmed at timing t81, valve- 



opening current 13a Is supplied to the injector 13. Since 
this drawing shows the normal condition, valve-opening 
current 1 3a reaches the predetermined current value 71 
at timing t82 before the valve-opening signal 24a is 

5 turned OFF. 

[0101] Once current 13a has reached the predeter- 
mined value 71 at timing t82, control signals 34z and 
36z are turned ON at t83 to supply holding cunrent. How- 
ever, if holding current 1 3a is not supplied due to an ab- 

10 normality of the switch element 34, the condition does 
not allow holding current to be supplied. Therefore, If 
holding current 1 3a is less than the predetermined value 
79 at the timing when the holding signal 24b turns OFF 
after having been in the ON state, the "Open Load" dl- 

15 agnosis is made indicating that the supply of holding cur- 
rent Is not sufficient. 

[0102] The drawing shows a normal waveform after 

timing t85. After valve-opening current 13a has reached 
the predetermined value 71, holding current 13a is reg- 

20 ulated to remain between cunrent 72 and current 73, 
which is larger than the predetennined value 79. 
[0103] Figure 16 is a diagnosis logic flowchart to di- 
agnose the condition as "Open Load" which indicates 
insufficient holding current as shown in Figure 15. This 

25 diagnosis is conducted at the fall of the holding signal 
24b. This diagnosis does not start until the fall of the 
holding signal 24b Is detected in S41. 
[0104] When the fall of the signal is detected In S41 , 
the process transits to S42 which determines whether 

30 or not the holding current Is more than the predeter- 
mined current value 79. If the current is more than the 
predetermined current value 79, It is a normal condition; 
and therefore, this diagnosis is terminated. 
[01 05] However, If the current Is not more than prede- 

35 termined current value 79, holding current is not suffi- 
cient. Therefore, the process transits to S43 and the 
"Open Load" diagnosis Is made Indicating that holding 
current is not sufficient. 

[0106] To avoid misdiagnosis, this diagnosis Is not 

40 conducted when an operation condition becomes ab- 
normal while the holding signal 24b is ON and switch 
elements 34 and 36 are OFF. That is, this diagnosis Is 
not conducted when waveforms are abnormal as shown 
in Figures 6, 8, 10 and 11. 

45 [0107] Figures 17 and 18 show a misdiagnosis pre- 
vention method for a fuel supply system according to 
the present invention. Figure 17 shows the valve-open- 
ing signal 24a input processing. Timing t91 is the timing 
at which the Injector 13 begins to Inject fuel. When the 

50 logical product of the valve-opening signal 24a and the 
holding signal 24b sent by the CPU 24 has been formed, 
switch elements 33 and 36 are turned ON, injector drive 
current 13a is made to flow from the switch element 33 
through the injector 1 3 and then through switch element 

55 36 and finally to the ground. Valve-opening current 13a 
is supplied from boosted voltage 32a to the injector 13 
until the current value reaches the predetermined cur- 
rent value 71 , thereby opening the valve of the Injector 
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13. 

[0108] At timing 192 when the current has reached the 
predetermined current value 71 , switch elements 33 and 
36 are turned OFF, thereby shutting down the supply of 
Injector drive cunrent 13a. 

[0109] At timing t93. it is detected that the injector 
drive current 13a has decreased to the predetermined 
current value 72, switch elements 34 and 36 are turned 
OFF according to control signals 34z and 362 sent by 
the control section 39, and injector drive current 13a is 
supplied from battery voltage 26a via the switch element 
34 through the backflow prevention element 35, and 
then through the injector 13, switch element 36 and fi- 
nally to the ground, thereby turning ON the switch ele- 
ment 34 until the current reaches the predetermined cur- 
rent value 73. During the time period from t3 to t4 until 
the holding signal 24b is turned OFF, the above-men- 
tioned switch element 34 repeatedly turns ON and OFF 
thereby controlling injector drive current 13a so that it 
remains constant between the predetermined values 72 
and 73. 

[0110] The valve-opening signal 24a is tumed ON 
again at timing t94, forming the logical product of the 
valve-opening signal 24a and the holding signal 24b, it 
is the timing for supplying the valve-opening current. 
However, it is not necessary to supply valve-opening 
current twice during the fuel injection period from t91 to 
t95. In addition, if valve-opening current supply intervals 
are short, the boosting time for boosted voltage 32a gen- 
erated by the booster circuit 32 is too short; consequent- 
ly, there is a possibility that the valve-opening current 
supply may not be sufficient. Therefore, the valve-open- 
ing signal 24a is designed to be received only once while 
the holding signal 24b is ON, and current 13a does not 
change at timing t24. 

[0111] At timing t95, the holding signal 24b is turned 
OFF, causing the injector drive current 13a to be shut 
down, thereby stopping fuel injection. At timing t95, 
switch elements 34 and 36 are turned OFF, which 
means that both switch elements controlling upstream 
and downstream currents of the injector 13 are turned 
OFF, thereby quickly reducing the injector drive current 
13a and causing the injected fuel of injector 13 to stop 
as the result of being linked with the holding signal 24b. 
[0112] Figure 18 shows the processing conducted 
when an opposed cylinder coincides. 
[0113] In Figure 2, upstream switch elements 33 and 
34 are used in common by two injectors. Therefore, if 
downstream switch elements 36 and 37 are simultane- 
ously turned ON, current 33c and current 34c split into 
two streams, which prevents normal current from being 
supplied to the injector 13, thereby preventing optimal 
injector control. In addition, because the current splits 
into two streams, there is a possibility that the "No Peak" 
diagnosis indicating insufficient supply of valve-opening 
current or the "Open Load" diagnosis indicating insuffi- 
cient supply of holding current may be assessed result- 
ing in misdiagnosis. Accordingly, in this logic, to prevent 



the above-mentioned misdiagnosis, if there is an occur- 
rence of an overiapping area where two downstream 
switch elements are simultaneously turned ON, the pri- 
ority is given to the latter cylinder and the fuel injection 
5 process which has already begun is terminated. Details 
of the timing will be explained below. 
[01 14] Timing tlOl is the timing at which the injector 
1 3 begins to inject fuel. When the logical product of the 
valve-opening signal 24a and the holding signal 24b 
sent by the CPU 24 has been formed, switch elements 
33 and 36 are tumed ON, and injector drive current 13a 
is made to flow from the switch element 33 through the 
injector 1 3 and then through the switch element 36 and 
finally to the ground. And, valve-opening current 13a is 
supplied from boosted voltage 32a to the injector 1 3 until 
the current value reaches the predetermined current 
value 71 , thereby opening the valve of the Injector 13. 
[0115] At timing t102 when the current has reached 
the predetermined current value 71 , switch elements 33 
and 36 are turned OFF, thereby shutting down the sup- 
ply of the injector drive cun-ent 1 3a. When it is detected 
that the injector drive current 13a has decreased to the 
predetermined current value 72. the switch elements 34 
and 36 are turned ON according to control signals 34z 
and 36z sent by the control section 39. and injector drive 
current 13a are supplied from battery voltage 26a via 
the switch element 34 through the backflow prevention 
element 35, and then through the injector 13. switch el- 
ement 36 and finally to the ground, thereby turning ON 
the switch element 34 until the current reaches the pre- 
determined current value 73. During the time period until 
the holding signal 24b is turned OFF, the above-men- 
tioned switch element 34 repeatedly turns ON and OFF 
thereby controlling the injector drive cun-ent 13 so that 
it remains constant between the predetermined values 
72 and 73. 

[0116] When the valve-opening signal 24a and the 
holding signal 24b' for the opposed cylinder are inputted 
at timing t103, switch elements 33 and 37 are turned 
ON, injector drive current 13b is supplied from the switch 
element 33 through the injector 13 and then through the 
switch element 37 and finally to the ground. The injector 
drive current 13b is supplied from boosted voltage 32a 
to the opposed cylinder's injector 13' until the current 
reaches the predetermined current value 71, thereby 
opening the valve of the opposed cylinder's injector 13'. 
[0117] At this point, the switch element 36 is turned 
OFF to stop injector current 1 3a which has been flowing. 
Accordingly, because holding cun-ent 13a does not flow 
when the holding signal 24b is tumed ON after having 
been in the OFF state, the "Open Load" diagnosis for 
the stopped cylinder is not made so as to prevent mis- 
diagnosis which indicates that the supply of holding cur- 
rent is not sufficient. 

[0118] At timing t104 when the current has reached 

the predetermined current value 71 , switch elements 33 
and 37 are turned OFF, thereby shutting down the sup- 
ply of the injector drive cun-ent 1 3a. When it is detected 
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that the injector drive current 13a has decreased to the 
predetermined current value 72, switch elements 34 and 
37 are turned ON according to control signals 34z and 
37z sent by the control section 39. injector drive cun^ent 
13b is supplied from battery voltage 26a via the switch 
element 34 through the backflow prevention element 35 
and then through:the injector 13, switch element 37 and 
finally to the ground, thereby turning ON the switch ele- 
ment 34 until the current reaches the predetermined cur- 
rent value 73. During the time period until the holding 
signal 24b' Is turned OFF, the above-mentioned switch 
element 34 repeatedly turns ON and OFF thereby con- 
trolling the injector drive current 13b so that it remains 
constant between the predetermined values 72 and 73. 
[0119] At timing t106, the holding signal 24b' is turned 
OFF, causing the injector drive current 13b to be shut 
down, thereby stopping fuel injection. At timing t106, 
switch elements 34 and 37 are turned OFF, which 
means that both switch elements controlling upstream 
and downstream currents of the Injector 13' are turned 
OFF, thereby quickly reducing the injector drive current 
13b and causing the injected fuel of injector 13' to stop 
as the result of being linked with the holding signal 24b'. 
[0120] While the invention has been described with 
respect to one embodiment of the present invention, the 
present invention is not limited to the embodiment, but 
other embodiments can be devised which do not depart 
from the scope of the invention as described herein. 
[0121] For example, although the Injector's cun-ent 
waveform is composed of one valve-opening current 
and one holding current, the holding current can have 
two different values. This means that the present inven- 
tion is applicable for an injector drive current wherein 
valve-opening current Is supplied when the logical prod- 
uct of the valve-opening current 24a and the holding cur- 
rent 24b is fonned, and a relatively large holding cun-ent 
Is supplied while the valve-opening signal 24a is ON af- 
ter the cunrent has reached the predetermined valve- 
opening current value, and predetermined holding cur- 
rent is supplied while the valve-opening signal 24a is 
OFF and the holding signal 24b is ON. 
[0122] The above-mentioned fuel supply system 
comprises a means for detecting operating conditions, 
a means for calculating the width of the fuel injection 
pulse based on the operating condition, a means for 
supplying valve-opening cun-ent including predeter- 
mined large current to the solenoid located in the fuel 
injector based on the fuel injection pulse width, a means 
for supplying solenoid holding current for holding the 
valve-opening condition after the valve-opening current 
has reached the predetermined current value, a means 
for the fuel injection pulse width to consist of two signals: 
valve-opening signal and holding signal, a means for 
supplying valve-opening current to the solenoid located 
In the fuel injector only when the logical product of the 
valve-opening signal and the holding signal is formed, 
and a means for measuring time from the start of the 
fuel injection pulse; and the fuel supply system diag- 



noses an abnormality of the fuel injector's solenoid 
when the time period for valve-opening current to reach 
the predetermined large current value is shorter than the 
predetermined time. 
5 [0123] A circuit configuration comprises battery volt- 
age, a booster circuit for generating, from the battery 
voltage, larger voltage than the battery voltage, a switch 
(hereafter referred to as switch 1) for supplying cun-ent 
from the boosted voltage to the solenoid located in the 
10 fuel injector, a switch (hereafter refenred to as switch 2) 
for supplying current from the battery voltage to the so- 
lenoid located in the fuel injector, a switch (hereafter re- 
ferred to as switch 3) for sinking current from the sole- 
noid located In the fuel Injector toward the ground direc- 
ts tion, and a flywheel circuit for supplying current to the 
solenoid located in the fuel injector, when the switch 1 
and switch 2 are OFF, by directing current from ground 
via the solenoid located in the fuel Injector and switch 3 
and retums it to ground; wherein when an abnormality 
20 Is detected in the solenoid, all three switches: switches 
1 , 2, and 3 are turned OFF. 

[0124] Furthermore, the system further comprises a 
means for detecting current flowing through both switch 

1 and switch 3, wherein the switch 1 and switch 3 are 
25 turned OFF when the logical product of the valve-open- 
ing signal and the holding signal is formed and when 
either current flowing through the switch 1 or switch 3 
remains larger than the predetermined value for a dura- 
tion that is longer than the predetermined time. 

30 [0125] Moreover, the system further comprises a 
means for detecting current flowing through both switch 

2 and switch 3, wherein the switch 2 and switch 3 are 
turned OFF when the valve-opening signal is OFF and 
the holding signal is ON and when either current flowing 

35 through the switch 2 or switch 3 remains larger than the 
predetermined value for a duration that is longer than 
the predetermined time. 

[0126] The means is a means for protecting switches 
from being damaged by over-current, and the recovery 
40 timing from shutdown is the timing at which the next fuel 
injection starts. 

[0127] Furthermore, if valve-opening current flowing 
through the solenoid located in the fuel injector has not 
reached the predetermined current value when the 

45 valve-opening signal is terminated, insufficient valve- 
opening cun-ent is detected. Also, If holding current larg- 
er than the predetermined current value does not flow 
through the solenoid located in the fuel injector when 
the holding signal Is terminated, insufficient holding cur- 

50 rent is detected indicating that injector drive current Is 
not sufficient. 

[0128] Furthermore, a system comprises a constant 
voltage source, a constant current source, parallel con- 
nected to the switch 3, for supplying current from the 
55 constant voltage source, and a voltage detector for de- 
tecting voltage of the switch 3; and the system diag- 
noses an abnormality of the fuel injector's solenoid if 
voltage detected by the voltage detector is larger than 



19 



EP 1 408 221 A2 



20 



the predetermined voltage when switch 1 , switch 2, and 
switch 3 are all OFF; or a system comprises a constant 
voltage source, a constant current source, parallel con- 
nected to the switch 3, for supplying current from the 
constant voltage source, and a voltage detector for de- 
tecting voltage of the switch 3; and the system diag- 
noses an abnonmality of the fuel Injector's solenoid If 
voltage detected by the voltage detector Is lower than 
the predetermined voltage when switch 1 , switch 2, and 
switch 3 are alt OFF; and as a result, the system detects 
that the switch 3 has been short-circuited to the battery 
or to ground. 

[0129] To prevent misdiagnosis, the system also has 
a means that accepts the formation of the logical addi- 
tion of the valveopening signal and the holding signal 
only once while the holding signal Is ON. 
[0130] In the system, switch 1 and switch 2 are dis- 
posed for each opposed cylinder, and the system has a 
means for turning OFF the switch 3 which has been 
turned ON earlier when the ON timing of the opposed 
cylinder's switch 3 coincides: thereby masking the diag- 
nosis which Indicates insufficient holding current in the 
turned-off cylinder and preventing misdiagnosis. 
[0131] Moreover, when the switch is shut down due 
to abnomial current, the system is capable of masking 
the diagnosis which Indicates that valve-opening current 
and holding current are not sufficient, thereby prevent- 
ing misdiagnosis. 

[01 32] The present invention also provides a diagnos- 
tic device that can diagnose the fuel supply system itself 
as well as protect the fuel supply system itself to prevent 
the system from being damaged when a failure occurs 
in the mode in which over-current flows though the fuel 
supply system. 

[0133] In addition, to increase reliability of diagnosis, 
the system provides a means to detennine each failure 
mode. 

[0134] Reference signs show the following parts: 1 
engine, 2 cylinder, 12 fuel pump, 13 'injector, 14 
variable fuel pressure regulator, 15"control unit, 
16 " crank angle sensor, 17 ignition coil, 21* fuel pres- 
sure sensor, 24 CPU, 32 booster circuit, 33 up- 
stream switch element for valve-opening, 34 upstream 
switch element for holding the valve, 35' back-current 
prevention element, 36* switch element for sink, 38 re- 
flux element, 39 ' control section. 40 "reference current 
generating section, 41 "diagnostic section, 42 "SPI 
section. 

[0135] The present Invention provides a fuel supply 
system that can diagnose the fuel supply system Itself 
as well as protect the fuel supply system Itself. 



Claims 

1 . A fuel supply system comprising: 

means for detecting operating condition of an 



engine (1); 

means for calculating the width of the fuel in- 
jection pulse based on the detected operating 
condition, the fuel injection pulse including 

5 valve-opening signal and holding signal; 

means for supplying valve-opening cun-ent to 
the solenoid located in a fuel Injector (13) based 
on the fuel injection pulse width; 
means for supplying solenoid holding current to 

10 hold the valve-opening condition after the 

valve-opening current has reached a predeter- 
mined current value; 

wherein said fuel supply system supplies cunrent to 
15 said solenoid when the logical product of said valve- 
opening signal and said holding signal has been 
formed; and 

wherein said fuel supply system diagnoses an ab- 
normality of the fuel injector (13) when the time pe- 
20 nod from the start of said fuel Injection pulse until 
said valve-opening current reaches the predeter- 
mined current value Is shorter than a predetermined 
time period. 

25 2. A fuel supply system according to Claim 1 , further 
comprising: 

battery voltage; 

a booster circuit (32) for generating voltage 
30 larger than the battery voltage from said battery 

voltage; 

a first switch for supplying current from said 

booster circuit (32) to said solenoid; 

a second switch for supplying current from said 

35 battery voltage to said solenoid; 

a third switch for sinking cun-ent from said so- 
lenoid toward the ground direction; and 
a flywheel circuit for supplying current to said 
solenoid, when said first switch and said sec- 

40 ond switch are OFF, by directing current from 

the ground through said solenoid located in the 
fuel injector (13) and then through said third 
switch and returns it to the ground; and 

45 wherein said fuel supply system shut down said first 
switch through said third switch when an abnomial- 
ity Is determined in said solenoid. 

3. A fuel supply system according to Claim 1 or 2, 
50 wherein the recovery timing after said first switch, 
said second switch and said third switch have been 
shut down is the timing at which the next fuel Injec- 
tion starts. 

55 4. A fuel supply system according to at least one of 
Claims 1 to 3, further comprising: 

means for detecting current flowing through 
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each of said first switch and said third switch; 
and 

when the logical product of said valve-opening 
signal and said holding signal has been formed 
and when current flowing through either said 
first switch or said third switch remains larger 
than the predetermined value for a duration that 
is longer than the predetermined time, 
said fuel supply system shutting down either 
said first switch or said third switch. 

5. A fuel supply system according to at least one of 
Claims 1 to 4, wherein the recovery timing after said 
first switch and said third switch have been shut 
down is the timing at which the next fuel Injection 
starts. 

6. A fuel supply system according to at least one of 
Claims 1 to 5, further comprising means for detect- 
ing current flowing through each of said second 
switch and said third switch; and 

when said valve-opening signal is OFF and said 
holding signal is ON and when current flowing 
through either said second switch or said third 
switch remains larger than the predetermined value 
for a duration that is longer than the predetermined 
time, said fuel supply system shutting down either 
said second switch or said third switch. 

7. A fuel supply system according to at least one of 
Claims 1 to 6, wherein the recovery timing after said 
first switch and said third switch have been shut 
down is the timing at which the next fuel Injection 
starts. 

8. A fuel supply system comprising: 

means for detecting operating condition of an 
engine; 

means for calculating the width of the fuel in- 
jection pulse based on said detected operating 
condition, the fuel injection pulse including a 
valve-opening signal and a holding signal; 
means for supplying valve-opening cun-ent to 
the solenoid located in the fuel injector (13) 
based on the fuel injection pulse width, and 
means for supplying solenoid holding current 
for holding the valve-opening condition after 
said valve-opening current has reached the 
predetermined current value; and 

wherein said fuel supply system supplies current to 
said solenoid when the logical product of said valve- 
opening signal and said holding signal has been 
formed; and 

said fuel supply system detects that valve-opening 
current is insufficient when said valve-opening cur- 
rent flowing through said solenoid has not reached 



the predetermined current value when said valve- 
opening signal is terminated. 

9. A fuel supply system according to at least one of 
5 Claims 1 to 8. wherein said fuel supply system de- 
tects that holding current is insufficient when hold- 
ing current more than the predetermined current 
value does not flow through said solenoid when said 
holding signal is terminated. 

10 

10. A fuel supply system according to at least one of 
Claims 1 to 9, further comprising: 

a constant voltage source, 

15 a constant cun^ent source, parallel connected 

to said third switch, for supplying current from 
said constant voltage source, and 
a voltage detector for detecting voltage of said 
third switch; and 

20 when said first switch through said third switch 

have been turned OFF and when voltage de- 
tected by said voltage detector is higher than 
the predetermined voltage, said fuel supply 
system diagnosing an abnormality of the fuel 

25 injector (13). 

11. A fuel supply system according to at least one of 
Claims 1 to 10, comprising: 

30 a constant voltage source, 

a constant current source, parallel connected 
to said third switch, for supplying current from 
said constant voltage source, and 
a voltage detector for detecting voltage of said 

35 third switch; and 

when said first switch through said third switch 
have been turned OFF and when voltage de- 
tected by said voltage detector is lower than the 
predetermined voltage, said fuel supply system 

40 diagnosing an abnormality of the fuel injector 

(13). 

12. A fuel supply system comprising: 

45 means for detecting operating condition of an 

engine (1); 

means for calculating the width of the fuel in- 
jection pulse, consisting of two signals: valve- 
opening signal and holding signal, based on 

50 said detected operating condition; 

means for supplying valve-opening current to 
the solenoid located in the fuel injector (13) 
based on said fuel injection pulse width, and 
means for supplying solenoid holding current 

55 for holding the valve-opening condition after 

said valve-opening current has reached the 
predetermined current value; and 
said fuel supply system supplying current to 
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said solenoid when the logical product of said 
valve<opening signal and said holding signal 
has been formed; and 

said fuel supply systenfi diagnosing an abnor- 
mality of the fuel injector when the time period 5 
from the start of said fuel injection pulse until 
said valve-opening current reaches the prede- 
termined current value is shorter than the pre- 
determined; 

10 

wherein 

the formation of the logical addition of said valve- 
opening signal and said holding signal is accepted 
only once each time when said holding signal is 
turned ON. *5 

13. A fuel supply system according to at least one of 
Claims 1 to 12, wherein said first switch and said 
second switch are disposed for each opposed cyl- 
inder (2), and when the ON timing of the opposed 20 
cylinder's third switch coincides, the switch 3 which 
has been tumed ON earlier is turned OFF. 

14. A fuel supply system according to at least one of 
Claims 1 to 13, when any one of said first switch 25 
through said third switch is shut down and said 
valve-opening current flowing through said solenoid 
has not reached the predetermined current value 
when said valve-opening signal is terminated, 

said fuel supply system detecting insufficient valve- 30 
opening current. 

15. A fuel supply system according to at least one of 
Claims 1 to 14, said fuel supply system stopping de- 
tecting insufficient valve-opening current during the 35 
fuel injection pulse when either said first switch or 
said third switch is shut down. 

16. A fuel supply system according to at least one of 
Claims 1 to 1 6, said fuel supply system stopping de- 40 
tecting insufficient holding current during the fuel in- 
jection pulse when said first switch through said 
third switch are shut down. 

17. A fuel supply system according to at least one of 45 
Claims 1 to 16, wherein said fuel supply system 
stops detecting insufficient holding current during 
the fuel injection pulsewhen either said second 
switch or said third switch is shut down. 

50 

18. A fuel supply system according to at least one of 
Claims 1 to 17. wherein said fuel supply system 
stops detecting insufficient holding current during 
the fuel injection pulse when said third switch is shut 
down. 55 
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